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A PROPOSED COURSE OP STUDY IK GENERAL SCIENCE FOR NON-
COLLEGE PREPARATORY STUDENTS.
1.
i
• »
Introduction.
This study is an attempt to give the non-college
preparatory students, who are in the majority in most second-
ary sohools, a practical course of general science for every-
day use. This course will consist of a series of problems
arranged in their respective units and directly related with
the everyday experiences and environment which has so often
proven a source of wonderment.
An attempt will he made to include some of the
1
suggestions offered by Dr. Butterfield in his lectures on
"A Civic Curriculum." Following are some of his suggestions
for a course of science.
"The ordinary citizen and her husband will spend
hours each day and week with the mechanical equipment of the
home and community. If the control and use of the domestic
vacuum cleaner leads to a general knowledge of motors and
electricity it is a desirable, though not a necessary outcome.
The courses are designed to give a real knowledge of our
inanimate servants, friends and associates.
"The machines of the home, the machines of the
community, the automobile, the construction and equipment of
the home, are ready subdivisions. Every child in our high
school will drive a car before he passes his 21st birthday.
To him the machine is of absorbing interest. This is our
opportunity as teachers."
No attempt will be made to make each student a
trained specialist performing technical activities such as
complete house wiring or delicate radio repairing* This work
1. Br. E. Yi. Butt erfie Id's address before the Department of
Superintendence, Minneapolis, February 28, 1933* P» °*
i

is for the specialist in the field. Only those practical
tasks which are within the scope of the average layman and
encountered in his everyday living will be considered.
This type of course is best suited for the ninth
year students, as it is written on their grade level and it
presupposes a knowledge of the science in the elementary
school. Assuming an eight year integrated program of science
in a school system, this course could then be made the final
disposition of science for the non-college preparatory student
On the other hand, it can be given in schools with only a
meager background of science.
In order to obtain the above results from such a
course of study, it is necessary to select objectives which
are evaluated according to contributory criteria. These
criteria must, perforce, have an authoritative source based
on valid investigations.
After the objectives are selected, they are placed
under their proper unit headings. For each objective, a
problem is selected, the solution of which contributes to the
major aims of the unit.
Each problem and unit is developed with a practical
view in mind. To use a common phrase, it is "science of
everyday life." From these large units we can select
practical problems and use their solution as a means to help
the children to understand better their living conditions.

After these problems are chosen, they are presented to the
students in the best manner available in order to create
interest and stimulate thought. The lecture demonstration
method of presentation is to be used wherever possible. In
order to guide the students more effectively, the note-
book idea of accumulating material and keeping a record of
their work is also necessary.

4.
Chapter I - Preliminary Studies.
The four following sources are not mentioned as
the only ones, but rather as the most reoent works in re-
search and curricular development in the field.
The work of Curtis1 contains a collection of re-
search papers in condensed form in the field of science.
These are listed according to their material, whether they
are curricular studies or in the definite sciences. The
studies in this book are the contributions of many writers and
the selection is based on the decision of a qualified
committee
.
2
In the Thirty-First Yearbook, "A program for teach
ing science" is presented, containing the most recent
criticisms and suggestions for improvement of courses. This
yearbook presents the most composite and recent thought in
the field of science, for the authors represent a group of
the foremost experts and research workers in science.
One of the most recent books is "Instruction in
Science," by V< # L. Beauchamp.3 In this text the author
presents an analysis of many courses of study available
1. F. D. Curtis, "Second Digest of Investigations in the
Teaching of Science." Philadelphia, Blakiston, 1931 • 423 p]
2. Thirty-First Yearbook, Part I, of the National Society
for the Study of Education, 1932, "A Program for Teaching
Science ."
3. W. L.. Beauchamp, "Instruction in Science." United States
Department of Education, Bulletin, 1932, No. 17; Monograph
No. 22.
*

throughout the country. The author surveyed many schools for
methods of instruction and finally gives constructive
criticisms and suggestions for the improvement of the in-
struction in science.
1
Finally* the Dr. Butterfield lectures with their
suggestions for courses of study are valuable because the
course of study in this treatise is one such as might be used
in the civic curriculum that Dr. Butterfield suggests.
An examination of the research work of Curtis
3
and Davis for the seleotion of content was attempted and the
correlation of the subject matter was the basis for the
compilation of a course of study to be used in the outline.
The present practices in general science according
to these studies, show that the units are best chosen in the
texts, but while many practical problems are given in each
unit, there are too many problems which require intensive
reading of the text and references. There are other problems
whioh are of use only to those students who are going to
continue the study of science through the high school.
T~. Dr. Butterfield, op. cit.
2. Francis D. Curtis, "A Synthesis and Evaluation of Subiect-
Matter Topics in General Science." Ginn and Company, p.39«
3. I.C. Davis, "Analysis of the Subject Matter in the
Eight Most Widely Used Textbooks in General Science."
"School Science and Mathemat ics ," June , 1931. Vol. XXXI,
Ho. 6, page 707.
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1. Nature and Scope of General Science.
General science was introduced at about the same
time as the junior high school, and it was one of the subjects
necessary in the curriculum as an orientation course, especiallj
because its aims were closely in accord with those of the junio]
high school.
The development of the intermediate school science
course was the result of several factors. The four major ones
1
were
:
1. The movement for universal education.
2. Introduction of psychological principles.
3. Dissatisfaction from the highly specialized sci<
course as an introduction to other science
oourses
.
4. The excellent results secured in experimental
work from the interest, abilities and needs
of the average citizen.
Many other suggestions may be found in a report
published in 1920 by the Department of the Interior, Bureau of
Education, on the "Reorganization of Science in Secondary
Schools," which greatly influenced the texts and courses of
study in general science which immediately followed.
The suggestions offered in that report still form
an excellent background for the present courses. The objectives
suggested were based on an organization of immediate objectives
that would finally lead to the ultimate
1. "Reorganization of Soience in Secondary Schools." Depart-
ment of the Interior, Bureau of Education, 1920.
5nce
3

objectives or cardinal principles of health, home membership,
vocation, citizenship, use of leisure time and ethical
character,
1
C. J. Pieper gives the following statement:
"Causes that led to the introduction of general
science were:
1. The tremendous growth of the high school and the
cosmopolitan character of the school population which
made of the high school a second school for the eduoation
of the masses.
2. The advances in pure and applied science which demanded
on the part of the future citizen an understanding of an
adjustment to an environment modified by man^ scientific
discoveries and inventions,
3» The inadequacy of a program of science to help one to
live intelligently in a modern environment.
4. The formal abstract character of the special sciences and
the consequent relative decrease fulfilling the possibili-
ties of science study in a complete educational program
for life in a scientific age.
5. The low enrollment of pupils in science courses offered
during the first and second years which resulted in a
majority of our youth not receiving instruction in science
before leaving school.
6. The lack of a sequence in science courses in the secondary
school that would provide orientation and educational
guidance for pupils in the field of science.
7. The tremendous gap between the nature study of the
elementary school and the special sciences of the high
school and the resulting lack of provision for a transition
al course between the two widely different types of
science courses.
&*• The changing aims of secondary education."
V. C*. J. Pieper, "Science in the Seventh, Eighth, and Ninth
Grades." National Society for the Study of Education,
Thirty-first Yearbook, pp. 193-221.

1
Douglas states:
"General oourses are fast taking the place of the
specialized courses of the old seventh, eighth, and ninth
grades, General Science has almost entirely supplanted
physiography. General subjects represent little more than
the application of the educational principles of relative
values, interest, and arrangement of subject matter in terms
of the learner. Perhaps the greatest advance in the
application of these principles has been in general science.
The popularity of this subject is evidenced by the fact that
it is today the most important science course from the stand-
point of student enrollment in the secondary school. It has
for its field problems which concern the average person and
which are solved through the applications of scientific
principles. It does not matter whether these principles are
from the realm of physics, chemistry, or biology; they are
used as they are needed."
Prom the previous statements we find some of the
reasons for the introduction of general science and its
present status.
1. An orientation subject to bridge the gap between the
elementary schools and the later science studies in
secondary schools.
2. A fundamental background on the part of the future citizen
for an understanding and adjustment to the many new
science discoveries and devices being used.
3« A knowledge and understanding of the environment for
the student leaving school at an early age.
4» To comply with the changing aims in education.
Tl A. A. Douglas, "Secondary Education." Houghton Mifflin
Company, 1927 Edition, pp. 259-260.

9.
1
b. Method of attack.
In the previous pages some idea of the general
nature of the work was set forth, and in order to make the
arrangement of material under this heading clear, the
repetition of one or two ideas is necessary,
1. The first step is the selection of a tentative
list of objectives for the course. When these objectives
have been obtained, they should help the student to attain
the aim of education.
2. The units are the next step in the consider-
ation of the course, after the objectives are listed, in
order to give the course a logical formation with definite
blocks of unity and sequence wherever possible. As stated
before, several texts were studied to find the units that
represented the consensus of opinion in regard to units; then
these were listed and compared with the list suggested by the
National Society for Study of Education. This was done to
make certain that the proper foundation was in accord with the
general plan of most authorities on the subject. Finally,
1
each unit was checked with the study compiled by Curtis .
The percentage aooorded each one was from a synthesis and
evaluation of one of the most comprehensive lists of general
science subject matter available.
1. Francis D. Curtis, "A Synthesis and Evaluation of Subject-
Matter Topics in General Science." Ginn and Company.
P. 39.

10.
3» The units are then taken individually and all
of the problems and topics found under each one enumerated.
Several texts were surveyed, and as different problems or
topics appeared, each was tabulated to form a composite list
of topics and problems under one unit,
4« The material compiled is finally to be arranged
into a unit organization following a plan that corresponds to
the most recent methods of investigation as suggested by
1 2
Beauchamp and Pieper.
5« Finally, a survey of the present literature
on methods and aids to use in general science should result
in a definite plan of teaching procedure for the subject.
IT W7 L. Beauchamp, "Instruction in Science," Bulletin, 1932,
No, 17 r Monograph No. 22. United States Department of the
Interior, Office of Education, p. 2$.
2. C.J. Pieper, "National Society for the Study of Education."
Thirty-first Yearbook, Part I. p. 193.

Chapter II - Objectives, tentative list.
1
a. E. E. Cureton in his study finds there is no
general agreement ooncerning the basic aims of general science
.
Prom an examination of courses of study, texts, and science
articles, this is still further emphasized, and until the time
comes for a common agreement on these basic aims by the
authorities, the subject will be oonstan%revised.
No doubt, the same condition exists in other
studies, and there is the same tendency among the experts to
generalize and leave the range of selection so broad that
many interpretations may be given from one principle.
It is a difficult task to determine absolute
objectives in which there is a common agreement. If an
authoritative committee started out with a definite, direct
set of objectives, this would give the subject a basic foundation
for a beginning.
The Committee working as The National Society for
the Study of Education, Thirty-First Yearbobk, Part I , on a
program of science teaching, has made a good start in this
direction by setting forth principles and generalizations for
guidance in the selection of objectives of general science.
1. E. E. Cureton, "Aim and Content of the Course of Study in
General Science for the Junior High School." "Junior
High School Science," The School Review, December, 1927.
Vol. XXXV, pp. 767-775.
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12.
The criteria for the selection of objectives are
1
taken from the Thirty-First Yearbook.
"Definable educational values from science teaching
will have been attained if individuals acquire (l) an ability
to utilize the findings of science that have application in
their own experiences, (2) an ability to interpret the natural
phenomena of their environment, and (3) an understanding of,
and ability to use, some of the methods of study that have been
used by creative workers in the fields of soience."
2
These criteria are similar to those of Craig, but
are presented in a condensed form. They were evolved from the
study of those presented in authoritative sources and are
designed to contribute to the aims of this study and also keep
in step with methods developed from curricular research.
Objectives selected should contribute to the
individuals:
(1) An understanding of the natural phenomena of their
environment
.
(2) An ability to interpret modern scientific developments
and contributions in the current newspapers, science
books and magazines.
(3) A functional understanding of the practical application
of science in their own experiences, (devices and machines
in their homes and c cmmunities )
.
T~. TFirty-First Yearbook, op . cit . p. 51*
2. G. S. Craig, "Certain Tecnniques Used in Developing a Course
of Study in Science for the Horace Mann Elementary School."
Teachers College Contribution to Education, No. 276.
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13.
b. With these criteria as a basis, objectives are
selected that should conform to their standards. The first
and third criteria are the major concern in this course, for
the second criterion can be fulfilled by the reading of
scientific articles, books, and the presentation of supplementary
material
•
Various methods have been used for the selection of
objectives, but still the search goes on. However, the most
thorough and exhaustive research to date is the one by W. L.
1
Beauchamp , who examined one hundred sixty courses of study
in the field of science and tabulated a list to show the
results. In his criticism he finds what the consensus of
courses entertains as the objectives, but admits they are not
necessarily the ones to be attained. He then makes this
statement:
"The most recent authoritative formulation of the
objectives of science teaching is presented in the Thirty-
First Yearbook, Part I, of the National Society for the Study
of Education, 1932 » in a volume entitled "A Program for
Teaching Science." The stand taken by this committee is shown
in the following quotation:
This committee, then, recognizes the aim of
science teaching to be contributory to the
aim of education; viz, life enrichment. It
recognizes the objectives of science teach-
ing to be the functional understanding of
the major generalizations of science and the
development of associated scientific attitudes.
Yl W . L. Beauchamp, op_. cit
.
p.
iswiwvj tij. Ui9uuvw . <v'„*.-u. onj y u n*. ito jd. .fi*. Dub <
<
"This statement is based on the opinion of the
members of the committee. As such it probably represents the
best composite thinking which we have on this subject. How-
ever, one of the problems which must be solved before we can
get far in formulating a truly scientific curriculum is that
of discovering a method for determining and evaluating the
objectives of scienoe teaching."
Another author who favors the type of objective
suggested by the Thirty-First Yearbook, Part I, of the Nationa
1
Society for the Study of Education, 1932, is George W. Haupt.
In his study he chose as an objective a major generalization
and developed it for a course of study in the elementary
school. The following are some of his recommendations as the
result of his study:
1 "1. An objective for experimental study is select-
ed after a survey of studies in the field of science education
and of needs in science teaching. This objective is made
more definitive by the formulation and application of two
postulatory criteria, the validity of which is later demonstrated
upon the basis of an analysis of statements written by
authorities for the non-specialist reader and an analysis of
statements made by elementary school children.
2. How the objective type of aim is indicative
of the learning experiences necessary for its approach and
attainment is demonstrated. When the teacher of science
encounters an aim stated thus: "Green plants convert the
energy of light into the energy of food and fuel," there is
definitive suggestion as to what the teaching is to be about.
Although different teachers will not select and present the
identical content in the identical manner, the desired out-
come of the instruction is clearly and unambiguously stated
and the teacher has an indication of the content required
for its attainment or treatment. It is pointed out that such
is not the case with such statements of aims as "spirituality
J
"moral uprightness," and the like, or with aims stated as they
are in many courses of study, such as "plants," "garden truck. 1
It may properly be asked, "What is to be taught about ''plants 1
or 'garden truck* and what is to be used to teach 1 spirituality 1
and moral uprightness 1 ?
1. George W. Haupt, "An Experimental Application of a Philosophy
of Science Teaching in an Elementary School." Teachers
College, Columbia University, Contributions to Education,
No. 633.

"3. By use of the objective type of aim the
teacher can test for and verify various degrees of attainment
of the aim. Attainment of such aims as "spirituality,"
"steadfastness," "moral uprightness," and the like through
science instruction is highly desirable, but so far it has
not been demonstrated how their approximation may be verified."
1
C. J. Pieper makes the following recommendations
about the objectives in science teaching when laying out a
science curriculum:
"The major generalizations and associated scientific
attitudes are seen as of such importance that understandings
of them are made the objectives of science teaching. These
statements are so far reaching in their implications that they
may be said to encompass the fields of science. They touch
life in so many ways that their attainment as educational
objectives constitutes a large part of the program of life
enrichment. The program for their attainment must be consider-
ed in relation to the whole program of education. Principles
and generalizations of science are objectives. Learning
experiences result from activities selected for their contri-
bution to the enlargement of the meaning of these objectives."
"In the light of the foregoing, it is proposed
that the curriculum in science for a program of general
education be organized about large objectives, that understand-
ing and enlargement of these objectives shall constitute the
contribution of science teaching to the ultimate aim of
education, and that the course of study be so organized that
each succeeding grade level shall present an increasingly en-
larged and increasingly mature development of the objectives."
Summarizing the opinions of the authorities
quoted above, the present trend of the objectives in science
is toward the type of major generalizations and understandings
that are of a definite nature, each generalization covering a
T~. CT J. Pieper, pjo. ci_t. p. 201.

16.
major phase of science, and collectively covering the whole
field. This seems to be an improvement over the metaphysical
type of objective which was at times difficult to interpret,
and was phrased in such general terms as, "spirituality,"
"moral uprightness," or to have a "spirit of inquiry,"
The latter type of objective cannot be measured
to a great degree, for no definite means are available which
show the abstruse results of a science study. Y/hereas the
former type of objective used in an experimental study by
1
Haupt gave results which could be measured and showed the
value of such an objective in a more definite manner.
Since the reports from the most recent studies in
the science field show the validity of the major generalizations
and principles of science as objectives, these then will be-
come the general objectives of this study.
2
The Committee suggests as additional aids for
guidance in the selection of specific objectives of science
teaching, the following principles and generalizations:
1. George W. Haupt, op . cit
.
2. Thirty-First Yearbook, 0£. cit. p. 53

17.
1. The sun is the chief source of energy for the earth.
2. Through interdependence of species and the struggle for
existence a balance tends to be maintained among the many
forms of life.
3. The earth 1 s position in relation to the sun and moon is a
determining factor of life on earth.
4. All life comes from life and produces its own kind of
living organism.
5. Matter and energy cannot be created or destroyed, but may
be changed from one form to another.
6. Species have survived because of adaptations and adjust-
ments which have fitted them to the conditions under which
they live.
7. The energy of solar radiation is continually working
changes in the surface of the earth.
8*. There have been profound changes in the climate, not only
of certain regions, but also of the earth as a v/hole
.
9. The evolution of the earth has come as a result of natural
forces.
10. Units of time are defined by the earth T s movements in
relation to the sun.
11. All life has evolved from simple forms.
12. The earth seems very old when its age is measured in the
ordinary units of time.
13. Distances in space seem extremely vast when compared with
distances on earth.
14. The physical environment has great influence on the
structural forms of life and on plant and animal habitats.
15 • Man can modify the nature of plant and animal forms through
application of his knowledge of the laws of heredity.
16. There is a great variety in the size, structure, and habits
of living things.
17. There are processes that go on within an organism that are
vital to its continued existence.
16*. Chemical and physical changes are manifestations of energy
changes
.
19. There are fewer than one hundred chemical elements.
20. Every substance is one of the following: (a) a chemical
element, (b) a chemical compound, (c) a mechanical
mixture
21. Certain material substances and certain physical conditions
are limiting factors to life.
22. Light is a limiting factor to life.
23. Sound is caused by waves which are produced by a vibrating
body and which can affect the auditory nerves of the ear.
24. Gravitation is the attractive force that influences or
governs the movements of astronomical bodies.
25. Machines are devices for accomplishing useful transformations
of energy.
1

15.
26. Any machine, no matter hov/ complicated may be analyzed in-
to a few simple types.
27. The properties of the different elements depend on the
number and arrangement of the electrons and protons
contained in their atoms.
28*. All matter is probably electrical in structure.
29. The applications of electrioity and magnetism in the home
and in industry have revolutionized the methods of living
of many people.
30. Heredity determines the differences between parents and
offspring as well as the resemblances.
31. The kinetic energy of the molecules determine the physical
states of matter,
32. The gravitational attraction between the earth and a mass
of unconfined gas or liquid causes the pressure of the
liquid or gas on the surface of the earth.
33* Liquid or gas pressure is exerted equally in all directions,
34. Chemical changes are accompanied by energy changes.
35« A change in rate or direction of motion of an object re-
quires the application of an external force.
36. Radiant energy travels in straight lines through a uniform
medium.
37* Electricity is a form of energy that results from disturb-
ing the position or the regular paths of electrons.
3&. In a chemical change a quantitative relationship exists be-
tween the amounts of substance reactions and the amounts of
the substances that are the products of the reaction.
This list is not complete, for more generalizations
could be added to cover other fields of science.
The following criticisms of the above list are in order.
Statement 5 is ao longer true according to the law of conservation
of mass energy.
Statement 19 should be more explicit regarding the elements. Many
elements are composed of several different kinds of atoms which differ
only in the relative mass of the atoms. The different kinds of a
given element are called isotopes.
Statement 26 - Any machine can be analyzed into two simple types
the lever, and the inclined plane.
Statement 31 is not true. Under different conditions of pressure
one substance may assume the same form and yet be of a different

nature. Water frozen under great pressure is different from
that frozen under atmospheric conditions.
In statement 37 » the regular paths of electrons are
questionable
.
These objectives in many instances are too difficult
for secondary school students and should be simplified so as
to come within the scope of their comprehension.
1•
Chapter III - Subject matter .
a. Method of organization.
1
W. L. Beauchamp states:
"After the objectives of a course have been
formulated, the next step is probably that of determining the
general principles which shall function in the selection and
organization of materials of instruction. Teachers must under-
stand the principles of organization underlying the currioular
materials if they are to use the courses intelligently."
In Bulletin, 1920, No. 26, on the "Reorganization
of Science in Secondary Schools," page 25» is stated the
following on the selection and organization of subject matter:
"The subject matter of general science should be
selected to a large extent from the environment. It will
therefore vary greatly in different communities. The science
involved in normal human activities, and especially the science
involved in the reconstruction period after the war, presents
many real problems whioh must be met more intelligently than
formerly if there is to be the needed increase in effectiveness
of the service which individuals and groups are expected to
give. Science is universal and constant in the life of our
citizens, and hence to be useful to all pupils general science
must acoept the science of common things as its legitimate
field. The science of common use and that of the classroom
should be the same. General science should use any phase of
any special science which is pertinent in the citizen 1 s inter-
pretation of a worth while problem."
2
C. J. Pieper has a longer and more complete summary
of principles for the organization of subject matter, built on
ideas similar to those advanced in the previous reference,
stated as follows:
1. tf . L. Beauchamp, ojd. oit . p. 13.
2. C. J. Pieper, pj3. oit . p. 209.

20.
"1. The course shall be organized into units, each of which
shall be related to some significant aspect of the environment.
2. The unit shall be essentially a major problem of every day
life to which soience may contribute the intelligent basis
for human adjustment.
3« Each unit shall include only a few principles or generaliz-
ations of science.
4» Each unit shall be divided into subordinate problems to
facilitate learning by pupils.
5. The continuity of the units shall be such that the entire
course develops a sequential story of man T s understanding
of, and adjustment to, his whole science environment.
6. The organization, in part at least, shall be in the form
of problems or projeots to insure education in problem-
solving, which is the nature of science.
7. There shall be relatively few units, in orderto insure that
pupils are brought to the understanding of the larger
relationships of the facts and principles of science rather
than to the mere memory of detailed facts.
S*. The units shall be so organized that the conceptions of
science and their social implications, once learned, shall
be used in new relationships in later units.
9. The interrelationships of generalizations and their social
significance shall be brought to the attention of pupils
by abundant cross references and cross exercises.
10. Hot only shall generalizations be developed in each unit,
but there shall also be abundant opportunities to apply
the generalizations in the interpretation of novel problems
and novel phenomena.
11. In so far as possible, the units and their study materials
shall be arranged and organized in such a way that the
succeeding units will call for the understanding of larger
relationships and conceptions, will contain progressively
difficult activities, and will arrive at more and more
comprehensive adjustments.
12. There shall be provided in each unit enough activities to
insure accomplishment of the objectives by pupils of
different interests and capacities.
13. In general, the units and the subordinate problems within
each unit shall proceed in line with the scientific methods
of problem solving; that is, from sense perceptions of
materials, forces, or phenomena to the formulation of ideas,
to the testing of the hypotheses, to the tentative
conclusions, or from principles or generalizations to the
interpretation of specific situations.
14. The distribution of time and emphasis to the various units
shall be determined by the total, functional, social value
of the unit, its teachability and learnability, the teacher T s
pupils 1 interest in the unit, the local significance of the
unit, and its value to the other units of the course.

21.
1-
1
15. The entire set of units shall be so formulated that the
pupil will have revealed to him the kinds and nature of
the major fields of science.
16. The laboratory work shall be included as an integral
part of problem solving and shall, therefore, have the
characteristics of experience getting work rather than
of illustrative or confirmatory work,
17. Historical and biographical content shall be introduced
when and where it will aid in the understanding of the
concepts developed and of their social implications and
in the attainment of the human adjustments sought,
IS. Subject matter shall be so arranged that it will be a
means to the solution of problems and not an end in it-
self.
19« In so far as possible, the materials and activities shall
be organized around the pupil»s life but shall project
the pupil into the problems of adulthood.
20. The organization shall be such that it will lead to the
attainment of the immediate and ultimate objectives."
1
Franklin Bobbitt also has a compendium, but it is
similar to the one given above, except for the phrasing.
Summarizing the principles of organization for
science curriculum advanced by the committee on the "Reorganiz
2
ation of Science in Secondary Schools," C. J. Pieper and
Bobbitt, we find that the entire course should be divided into
units, which in turn are sub-divided into problems, in the
form of projects, and should develop the story of man»s
adjustments to his environment. Each unit should be a major
problem of every day life , including only a few principles of
science related to environment, and should contain enough
activities to insure accomplishment of the objectives by pupils
1. Franklin Bobbitt, "How to Make a Curriculum." Houghton
Mifflin Company, 1924 Edition.
2. C. J. Pieper, op. cit.
i
3
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of different interests and capacities, as well as offering
progressively difficult activities which should proceed in
line with the scientific methods of problem solving.
Scientific attitudes should be developed and an
investigation launched to discover what thought is being
given to science, and what should be done; any deficiency in
this thinking being remedied. The pupils should gain an under-
standing of the larger inter-relationships of facts or
principles, and their social aspects should be brought to the
attention of the pupils.
Scientific principles in every day affairs are to
be introduced by concrete living relativities viewed in their
natural environments. Thus science interests, visions, under-
standings, appreciation, inspiration, intellectual and
emotional expansion should be developed gradually by experience
Pictures, charts, reading, and laboratory work
develop foundations in science and give indirect as well as
direct values. History, literature, and biographies arouse
interest in science and should be followed by problems that
require analytical and interpretative use of laws and principle
gradually developed by experience. Special sciences should
be excluded because they do not fulfill the purpose of growth.
The amount of science needed in various vocations should be
determined and the courses arranged accordingly. The subject
matter should be a means to the solution of problems and not
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an end in itself. It should be organized around the pupil T s
life.
The next step is the selection of the units chosen!
from the major aspects on the environment. There are many-
units which are entertained by the different authors of texts,
each author naturally favoring his major field of science.
However, the consensus of the units which are selected by the
greatest number will be most important, for as suggested be-
i
fore, the choice of the units will be left to the type of
community in which the individual teacher is working, and als(>
the type of students which compose the classes of this teacher.
Unit Method Of Organization .
Since few, if any of the courses appearing before
1926 were divided into what were referred to as units, it is
probably a safe assumption that the widespread use of term
"unit" after this date in course of study is due to Professor
1
H. C. Morrison. Professor Morrison 1 s book, "The Practice of
Teaching in Secondary Schools," appeared in that year.
According to Professor Morrison, a learning unit may be defined
as a "comprehensive and significant aspect of the environment,
of an organized science, or an art or of conduct, which being
learned results in an adaptation in personality. The problem
1" H. C . Morrison, "The Practice of Teaching in Secondary
Schools." University of Chicago -Tress, 1926 Edition, p. 21.

of organization in general science is a search for the
comprehensive and significant aspects of the environment in
the field being studied—comprehensive in that each aspect
explains a great deal, and significant in that it is important
and essential."
1
Ira C. Davis states:
"The first factors to be considered are the aims
to be developed in the teaching of general science. In the
consensus of general science teachers taken it is found that
the most important aim is to acquaint the pupils with their
environment. This shoj-ld be followed by stressing the
necessity of the pupils gaining a large number of scientific
facts. In the organization of a course of study in general
science* the most important factor to determine is, what is
the average environment of a boy or girl?"
Finally, the most exhaustive and authoritative
tabulation of the subject matter topics in general science
2
is taken from a study made by F. D. Curtis, who made a survey
of many sources of professional literature, consisting of a
great number of syllabi and outlines of courses in general
science, analyses of textbook content, reports of research
investigations, in professional magazines, books and monographs.
In his search he used these criteria to govern his selection:
"1. Each must be not more than two years old at the time
this investigation was begun.
2. Each must represent the p ooled opinions of a competent
committee of experts and specialists in general science.
1. Ira G. Davis, "Organization of General Science in the Seventh,
Eighth Grades of the Junior High School and the Ninth Grade
of the Four Year High School." School, Science and Mathematics,
1924, PP. 4S7-494.
2. F. D. Curtis, op_. cit . p. 39.
— - - .— .. - — — - — — ' ———
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3« Each mast represent the results of careful and extensive
revision of earlier course materials in the light of
classroom experience.
4. Each must be prepared for an entirely different section of
the country, and must therefore be adapted to a wholly
different sort of local environment from those represent-
ed by the other syllabi."
epitome of topics and units, with the final relative value
expressed in percentages of the highest possible value which
a topic might have if it received the highest rank in every
one of the contributing sources. From this list are taken
the following units with their respective percentages:
As a result of this survey, he tabulated an
Table 1.
Units. Final Relative Value Rank.
Weather and Climate
Health Education (human body)
1
2
Air
92.
S
92.5
91.6
91.1
90.2
So*. 5
0*1.9
8*1.4
3
4Living things
Light
Sound
Electricity and Magnetism
Astronomy
Water
Fire
Food
He at
Crust of the Earth
Matter and energy
Building Material
Clothing
Study of Industry
Environment
77.1
51.4
11
12
9
10
*Rank is taken from the list of final relative values, only
the highest 12 units being numbered.

There are several factors for consideration in
the selection of general science units:- the locality;
preparation of the teacher; type of class; the seasons; the
possibility of demonstration or experimentation of subject
matter; consensus of opinion of the authorities from the
previous lists; the difficulties to be encountered in each
unit and the possibility of the use of projects. Taking
these faotors into consideration, it is difficult to make
one arrangement of the units that v/ould satisfy them all.
However, the following arrangement is a tentative one which
could be revised to suit any one of these factors. Prom the
previous table the units which have the highest relative value
are arranged as follows:- air, water, heat, weather and
olimate, light, sound, electricity and magnetism, power
machines, living things, human body, foods, and astronomy.
As previously stated, these are not the only units but a
tentative arrangement which would give a balanced outline.

1b. Methods of Securing Subject Matter.
The next step in the study of our problem is to
select the subject matter to fit this organization, in which
we decide to arrange our general science course. C. J. Pieper
states:
"We should remember that in choosing the content
of general science courses it should lead to those knowledges,
skills, interests, and attitudes essential to desirable mental
and practical adjustments to the environment, as the very-
existence of the subject is to explain the environment. The
content also shall apply to life situations and afford
opportunity for the exercise of the creative abilities of
youth and for the joy, romance, and adventure that discovery,
inventions, and self production in science afford,"
The Bulletin on "The Reorganisation of Science in
2
the Secondary Sohools" states:
"The content also should be chosen on the basis of
its fundamental relation to life as dictated by common
experience and the needs originally related to them; and should
also relate the local industries, community, and school
activities and the life of the home. The content should be
graded so as to be hard enough to call for the pupil f s best
efforts and should beoome increasingly difficult as the pupil
develops his power of attack through experiences. The content
also should contribute to the objectives.
Tl C. J. Pieper, "Science in the Seventh, Eighth, and Ninth
Grades." National Society for the Study of Education, 31st
Yearbook, pp. 193-221.
2. "The Reorganization of Science in the Secondary Schools,"
Bulletin 1920, number 26, United States Office of Education,
pp. 25-20*.
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IV. L. Beauoharap states:
"The content many times can be determined by an
analysis of human activities, children's and adult's interests
surveys of newspapers and current literature, findings of
committees based on consensus, and an analysis of mistaken
notions and superstitions. It should bear direct significance
to life's problems and activities, experience being called for
with the materials."
2
The following is a statement by L. "V. Koos:
"Science teachers have been seeking a principle
of organization of content that will make of the courses cohen
wholes. The report on the reorganization of science in the
secondary schools, suggested organization of the course in
general science around topics to which many specific pieces of
work are related. Seven sample topics are given, namely:
-
combustion, water, air, and the weather, light, and its
benefits, work and energy, magnetism and electricity, and
nature's balance of life."
"Another organization by units of a course in
science for Junior high school is presented as illustrative of
efforts to secure effective arrangements of content. This
course in science is given in the junior high schools in Denve:
where three periods per week are devoted to general science in
both the seventh and eighth grades and five periods to biology
in the ninth grade. The units in the seventh grade science
are as follows:- the sun's gift of heat; the air we breathe;
the waters of the earth; weather and climate; how fuels serve
man; science in the household. The eight units in the next
grade are: the soience of familiar things; the work of the
world; how we see; how we hear; the heavenly bodies; time and
the seasons; the crust of the earth; life upon the earth.
The five units in the ninth grade course in biology are: life
in a vacant lot; life in our city parks; life in and about a
lake or pond; life on the plains; life in mountains; man in
his environment."
1. Wilbur L. Beaucharap, "Instruction in Science." Bulletin
1932, Monograph 22, pp. 3S-39.
2. L. V. Koos, "The Junior High School. ; Ginn and Company,
1927 Edition, "pp. 25S-259
3nt

C. J. Pieper suggests the following principles of
selection for the content:
"1. Subject matter shall be considered primarily as a means to
an end and not merely as something to be remembered.
2. The course shall consist of a variety of physical and
mental activities that shall lead to those knowledges,
skills, interests, and attitudes essential to desirable
mental and practical adjustments to the environment.
3. The content of the course shall bear direct significance
to lifers problems and activities.
4« The order of difficulty of the learning activities shall
be such that pupils through reasonable effort may gain
the satisfaction of accomplishment.
5. The learning activities shall call for experiences with
the materials and forces of every day life.
6. The learning activities shall be of such a nature that
pupils may be interested in undertaking them and in
carrying them to completion under the motivation and help-
ful guidance of a well-trained teacher.
7. The activities shall be such that they lead to the
comprehension of the elementary generalizations of science
that have important social implications.
8*. The activities shall include abundant opportunities to
apply the acquired knowledges, skills, and attitudes in
life situations.
9. The activities, by their nature and order of difficulty,
shall afford opportunity for the exercise of the
creative abilities of youth and for the joy, romance, and
adventure that discovery, invention, and self production
in science afford.
10. The activities shall be objective enough to be attain-
able and to make possible the determination or measure-
ment of the attainment desired.
11. There shall be some activities that afford pupils means
of judging and measuring their progress in the more
specific learning activities.
12. Some activities, at least, shall be of such a nature
that they may be organized into problems identical with
the problems of life.
13. The activities shall call for direct, concrete ex-
periences so far as possible, but vicarious experiences
that are educative should not be neglected."
C. J. Pieper, op_. cit
.
p. 20o*.

1. Children's interest as a basis .
The table below shows the rank and frequency of
the 42 most important scientific interests of children as
indicated by frequency of appearance in a study made by C.
1
A. Pollock.
Table 2.
1
2
3
4
9.5
9-5
11
12
13
14
19
20
21.5
Rank Frequency Interest Rank Frequency Interest
349
253
Z&151
146
120
9$
97
II
S2
Si
72
57
51
50
46
423S
Eleotricity 21.
5
Stars 23.5
Radio 23.5
Heat 25.5
Lightning 25.5
Planets 27
Moon 2^.5
Sun 2S.5
Mars 31
Plants 31
Wind 31
Gravity 34
Air 34
Aeroplane 34
Earth 36.5
Light 36.5
Sound 38*
Gas 39
Rotation 40*5
Cluds 4.O.5
Bacteria 42
3S Volcanoes
37 Animals
Trees
Machinery
36 Water-supply
31 Sea
30 Earthquake
30 Snow
27 Anatomy
27 Nature
27 Radium
25 Food
25 Stones
25 Telephone
24 Engine
24 Rain
23 Fishing
22 Flowers
21 Photograph
21 Seasons
20 Coal
TT C. A. Pollock, "Children 1 s Interests as a Basis of What
to Teach in General Science." Educational Research
Bulletin, College of Education, Ohio State University,
Vol. Ill, No. 1, 1924.
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The following study shows the relative ranks of
the 37 terms which appear in both children's, men's and women's
1
(combined) lists of scientific interests made by Curtis.
Table 3.
Rank , Rank
,
Children's Adult's Interests
Rank, Rank,
Children's Adult's Interests
1
2
3
4
9
10
ll
12
14
15
16
17
IS
19
2
3
7
16
12
10.5
1
49
20
29.5
5.5
17.5
17.5
22.5
29.5
Stars
Electricity
Animals
Planets
Mo on
Earth
Gravity
Earthquakes
Volcanoes
Sun
Radio
Smoke
Mars
Lightning
Flowers
Ocean
Plants
Air
Light
20.5
20.5
23.5
23.5
23.5
23.5
26.5
26.5
30.5
30.5
1
33
^36
39
4S
4S
I4.5 Fish
27 Wind
22.5 Astronomy
(misc
.
)
35 Clouds
34 Crude -oil
32 Meteors
32 Snakes
22.5 Solar system
40.5 Rain
44
•
5 Thunder
44.5 Geysers
IO.5 Tides
36,5 Trees
22.§ Sound
I4.5 Evolution(biol.)
35 Birds
40.5 Geology
19 History of
science
The studies of Pollock and Curtis both show there
is relatively little difference in the scientific interests
of children and adults. These studies were results of
questionnaire investigations with a final tabulation of the
results obtained. The findings are listed following each
tabulation. Pollock was the first to make his investigations
Tl C . A. Pollock, "Children's Interests as a Basis of What to
Teach in General Science." Educational Research Bulletin,
College of Education, Ohio State University, Vol. Ill, No. 1. 1924
2. E1 . D. Curtis, "Second Digest of Investigations in the
Teaching of Science." Philadelphia, Blackiston, 1931. p. 343.

in regard to scientific interests of children, Curtis went
a step further, finding the scientific interests of men and
women (combined), and children. These interests were listed
in order of the frequency of their appearance. From an
examination of the list it can be seen that the stars,
electricity, the moon and earth, animals, and radio, are rank-
ed high in both the lists of children and adults. These
tables can be further compared for the correlation between
adults T and children's interests in science, and the place-
ment of topics and units according to their position of
interest on the lists.
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2. General science texts, and source books as a basis.
I. C. Davis made an analysis of the subject matter
in the eight most widely used text books in general science.
These books were chosen after a preliminary investigation to
determine what topics were to be included at the beginning.
The text that contained the greatest number of topics was
seleoted as a basis for the investigation of that unit. The
topics were not selected from the index, but from a careful
evaluation of the subject matter offered.
One criticism of this method is that the selection
of a topic is subjective to the opinion of the investigator.
At the completion of the investigation of the first
unit in the first text book, the number of topics to be re-
tained were determined. Other texts were analyzed in the same
way.
In the final tabulation it is noticed the topic is
retained if it occurred in six or more text books. Follow-
ing is the list of units with their respective topics. In this
study there are included only those units which have been
mentioned for consideration in a previous section, under units
namely: air, water, heat, weather and climate, light, sound,
electricity and magnetism, power machines, living things, human
body, foods, and astronomy.
IT I . C . Davis, "Analysis of the Subject Matter in the Eight
Most Widely Used Textbooks in General Science." "School
Science and Mathematios," June, 1931* P« 709-712.

TOPICS
Air.
1, Air occupies space 7
2. Air has weight 8
3* Air exerts a pressure 8
4« Measuring air pressure, barometers 8
5. Air is compressible—elastic 8
o. Air and. fire 8
7. Composition of air—physical & chemical changes 8
Water
1. Composition of water 6
2. Water and solution
3. Purifying water, boiling, filtering, distilling 8
4. Water pressure 8
5. City water systems—pure water supplies 8
Water and soap 8
Hard and soft waters, softening hard waters
Sewage disposal
Heat
4-
1. Heat, how produced, sun, chemical action, 7
friction, etc,
2. Temperature and heat, calories, thermometers 8*
3. Expansion of solids, liquids and gases by heat 8
4» Change of state, fusion, vaporization, specific 6
he at
5. Distribution of heat, conduction, radiation, 8
convection
6. Heating the home 8
7. Methods of starting a fire, matches 8
8. Fuels 7
9. Convection currents—ventilation 8
10. Distillation 7
11. Refrigeration—ice machines-evaporation 8
12. Heating water in the home 8
+ The number of books in which the topic was found.
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TOPICS
Weather and Climate
1. Weather and climate, defined 8
2. Water vapor in the air 8
3» Dew and its formation—dew point 8
4. Clouds—fogs 8
Humidity—relative humidity 8
Rain, snow, rainfall 8
Winds, wind belts 8
Storms, cyclones, tornadoes, hurricanes 6
9. The Weather Bureau, weather maps, weather service 7
10. Climate and health 6
11. Effect of water on climate
Light
Magnetism and Electricity
1. Methods of producing light, luminous objects 8
2. Light travels in straight lines, transparent objects 6*
3. Reflection—diffusion, images 8
4» Refraction, lenses 7
5. Color and the prism 8
b. The eye and the camera 8
Sound
1. How sound is produced 8
2. How sound is transmitted, air—voice 8
3» The ear and how we hear 8
4. Noise and tune, pitch 6
1. History of Magnetism—natural magnets 6
2. Magnets—magnetic fields 8
3. The earth as a magnet—compass 7
4. Static electricity, lightning 8
5. What is electricity—electron
o. Units of electricity—volt, ampere, ohm 7
7. Making electricity—chemical action, storage
batteries, dynamos 8
8. Series and parallel connections, circuits, 7
9. Magnetic effect of a current-electromagnets b
10. Chemical effect of a current 5
11. House circuits-fuses, switches, sookets 7
12. Electric meter, electric power
13. Electrical appliances--doorbells 5
14. Telegraph 8
15. Telephone 8
lb. Radio 6
17. Heating effects of an electrical current 8
lo. Eleotric arc 8
19. The electric motor 8

TOPICS
36.
Energy and Machines
1. Energy- -definition—forme of
2. Force—work
—
power, how measured
3. What is a machine, law of machines
4. Lever, pulley, wheel and axle
5. Inclined plane, wedge, screw
6. Friction
8
I
7
8?
1.
2.
3.
4.
7.
1.
2.
3.
4.
I:
9.
10.
11.
12.
13.
1.
2.
3.
4.
J:
9.
The Solar System
The solar system, the sun and its planets
The constellations
The moon, its phases
Eclipses
Causes of day and night
Causes of the seasons
Comets—meteors
Plants
General description, structure of living things
Seeds
—
germination of—kinds of seeds
Leaves—kinds, how they breathe, how they make
food
Stems—how sap rises—buds
Roots—how they get food—how moisture rises
Flowers
—
parts—how seeds are formed—how seeds
are scattered
Reproduction--seeds—stems
Bacteria—yeasts and molds
Uses of plants for foods
Leguminous plants
Forests—uses of wood
Improving plants
Plant diseases
The Human Body
Structure of the body
Digestion
Breathing and respiration
Circulation of the blood
The skin
The teeth
The eyes
The ear
First aid
8
8
5
7
5
I
8?
7
8
7
7
7
8
I
I
7
8
8
8
7
8
8
I
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TOPICS
Poods
1. Why we eat foods
2. Cooking of foods
3. Action of yeast on food
4« Tfttiy foods spoil, bacteria
5. How to keep foods from spoiling
Molds
Sources of foods, organic and inorganic
Pood calories—heat value of foods
9. Carbohydrates
10. Water and mineral matter—ash
11. Pats
12. Proteins
13. Vitamins
14. Balanced diets
15. Pood adulterants
16. Stimulants and narcotics
i:
8
8
8
8
8
8
8
8
8
8
8
8
6
The study of Curtis consists of an examination
and tabulation of subject matter topics in general science
from eighteen contributing sources. Criteria were established
as standards for the election of each of these sources so as
to obtain the best material possible.
The syllabi selected as fully satisfying these
criteria are: "Syllabus in General Science," University of the
State of New York, Bulletin No. £21 (Albany: The University of
the State of New York Press, 1926); "General Science Course of
Study," Monograph, No. 2, (Denver: Public Schools, 1924);
"General Science Outline," Detroit Public Schools. This is the
mimeographed edition, preceding the present "Course of Study in
1. P . D. Curtis, "A Synthesis and Evaluation of Subject-
Matter Topics in General Science." Ginn and Company.
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General Science, Intermediate Schools, " (Detroit: Board of
Education, City of Detroit, 1927),
Three published reports of analyses of textbooks
satisfy the second set of criteria:
1. CM. Howe, "Can and Should General Science be Standard-
ized?" "School Science and Mathematics , "XIX (1919), pp.
24S-255.
2. Hanor A. Webb, "General Science Instruction in the Grades."
(Contributions to Education, No. 4: George Peabody College
for Teachers, 1921), p. IS.
3. Ada L. Weckel, "Are Any Principles of General Science
Evidenced by the Present Textbooks in the Subject?"
"School Science and Mathematics," XXII (1922) pp. 44-51.
Six analyses of scientific interests reported by
the following:
1. C. A. Pollock, "Children T s Interests as a Basis of What to
Teach in General Science." Educational Research Bulletin,
College of Education, Ohio State University, Vol. Ill, No.l,
1924.
2. Carlton W. Washburne , "Scientific Method in the Construction
of School Textbooks." World Book Company, Publishers,
Yonkers, New York.
3. Francis D. Curtis, "Some Values Derived from Extensive
Reading of General Science." Teachers College Contributions
to Education, No. 163. (New York: Teachers College Bureau
of Publications, 1924).
4. Francis D. Curtis, "A Study of the Scientific Interests of
Dwellers in Small Towns and in the Country." Peabody
Journal of Education, V. 1927, 22-34.
5. (Two separate investigations are included in each of the )
( )
6. (last two references, namely #3 and #4. )
•—-——.—
1 r™
'
Three published reports of analysis of magazine or
newspaper science:
1. Charles W. Finley and Otis W. Caldwell, "Biology in the
Public Press." (New York: The Lincoln School of Teachers
College, 1923).
2. A. H. Searle and G. M. Ruch, "A Study of Science Articles
in Magazines." "School Science and Mathematics." XXVT (1926),
3. Francis D. Curtis, "Some Values Derived from Extensive
Reading of General Science." Teachers College Contribution
to Education, Wo. 163 (We?; York: Teachers College Bureau
of Publications, 1924)
.
The two remaining sources of the eighteen were the
studies by:
1. Henry Harap, "The Education of the Consumer." (New York:
The Macmillan Company, 1924).
2. Committee Report on "Science in Greater Cleveland."
"School Science and Mathematics," XXV( 1925). 605-6IO.
1
From the table of values as presented by Curtis,
the following topics were chosen for:
1. The greatest number of sources.
2. The highest final relative value according to his figures.
3. Only the units with the higher percentages were considered.
In some units, there is a great variation in the
percentage values, making the topic selections outstanding
with high values, whereas, in the unit on electricity many
topics were of about the same relative value, so the percent-
ages of the more common topics were lower.
1. F. D. Curtis, op. cit . p. 39.

Pinal Relative
UNIT - AIR Value, 92.
9
Topics.
1. Its composition, and properties of its
constituents 76.3
2. Air and its work o0.7
3. Some common uses of air 79*9
4. Use of atmospherio pressure 73 «°
In Airplane *70.6
5. Uses of compressed air 77«9
Mechanics of gases 77*9
6. Man T s successful attempt to imitate flight
of birds 69.3
UNIT - ASTRONOMY 90.2
Topics
.
1. Stars 71.0
2. Our solar system 76.5
3. The sun 72.6
4. The earth 72.5
Movements of earth 74*5
5. The seasons 74-4
0. The moon
Motions and effects 71-3
7. Planets other than the earth 72.6
UNIT - ELECTRICITY AND MAGNETISM 91.1
Topics
1. Static or frietional 55*6
2. Magnetism and electricity 55»5
3. Sources of electricity 76.1
4. Dynamo 5&»9
5. Practical uses of electricity in home 62.0
Wiring 55*6
6. Electric meter in home $1*6
7. Electricity in autos 54* 1
8. How messages are sent by electricity 72 «4
9. Radio bo*.4
*Values of sub-topics.

TopioB
UNIT - FOOD
Final Relative
Value 88.8
1.
2.
3-
5-
Body as engine requiring food
Food requirements of human body 74 • 6
Advantages of a mixed diet 60.
2
Kinds of foods
General processes of all preserving processes
How the body uses foods
Efficiency of human body
Handicaps: any six, emphasis upon effects
of stimulants and narcotics 67,9
Topics
UNIT - HEALTH EDUCATION
1.
2.
Micro-organisms and their work
Their effect upon man and his environment
4.
5.
As beneficial agents
As harmful agents
Control of micro-organisms
Production of conditions un-
favorable to growth
Common disinfectants in chemical
form
Protection of body from disease
By control of disease carrying
insects
By immunity
Biographies of Jenner, Lister,
Pasteur
Garbage disposal
60.1
65.I
58.8
56.6
6A.4
4-M
52.2
Topics
UNIT - HEAT
1.
3
4.
6.
7.
Some important sources of
The sun 51.3
Oxidation 52 «5
Some effects of heat upon matter (gases, liquids
and solids)
Use of heat in warming home
Heating systems
Hot water systems 53
Steam system 5°* 2
Three types of heat distribution
Conduction 61.3
Radiation 5S.3
Convection 5^«3
Health and heat
Humidifying air 65.
Gas engines
H.6
67.9
94.1
93.9
73.6
93.0
£3.
3
47.1
85.8
56.6
p.
#
3
60.5
74.4
65.0
75.3

Final Relative
UNIT - LIGHT Value
, 32 »5
Topics.
1. Reflection 67*2
2. Refraction 67.
1
3. Color 75-6
Spectrum colors 66.2
4. Sight 66*. 1
5. The eye 63.4
6. The camera 63 .4
Camera and human eye structures
common to each and their functions 56.2
Stories of invention of optical
instruments 45
7. Artificial lighting 71.2
Early types 55.7
Modern types 05.3
Electric lighting 6l.2
Incandescent bulb 6l.2
S. Photography 60.1
UNIT - LIVING THINGS 92. 8
Topics
.
1. Plants 90.1
2. Economic aspects of plants (crops) P**^
3. Trees £4.
Forestry 62.3
4. A typical green plant (bean or corn( 77 «9
Parts and functions with essential
structures 54
Special structures 72.2
Structure and function of flowers 65.9
5. The garden SA.O
6. Insect pests 66.9
7. Plants in industry 60.5
o*. Animals 87.
7
Survey of animal kingdom £2.4
9. Animals useful to man 64 *5
UNIT - SOUND 91.6
Topics .
1. Uses of air to carry sound 59 »4
2, How sound is produced, travels and varies in
intensity and rate of spped 5%*^
3» Sound producing instruments 00.4
Musical instruments (wind, stringed( 67.5
4. Reproduction and carrying of sound 65.6*
Phonograph t>Y.l
5« Adaptation of human ear for reoeiving sounds 60.4
Hygiene of the ear 54 •
4
6. Reflection of sound 54 «4
m - J -
•
*
•
*
*
*
*
• *
1
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UNIT - WATER
Topics
Final Relative
Value,
1.
2.
3-
4.
5-
6.
J:
Water cycle
Conditions which result in spring
Importance and work of streams and o
bodies of water
Drainage
Source of food
Characteristics of water
Forms of water
Water supply-
Home water supply
Sanitary control of water supply
Water supply in the community
Some uses of water in home
Sewage disposal
Water and its work
Water pressure
Steam
Meohanios of water
Lift and force pumps
s 52.9
ther
56.I
49.7
72.5
67.7
60.9
52.2
67.I
72.4
57.1
UNIT - WEATHER AND CLIMATE
Topics
,
1. The weather
Effects upon people
2. Temperature
3. Wind
4. Humidity
How water is taken into air
Saturation
Precipitation
Sleet
Snow
5. Cluds
6. Storms
Common types of storms
Local
Lightning
7. Weather predictions
Records and publications
&*• Climate
47.1
61.4
45.1
72.0
45.^
64.1
72.4
0.2
0.7
67.5
64.3
71.4
71.5
73.1
66.1
60.9
76.0
95.7
95.7
70.9
77.4
79.4
60.5
66.0
77.6
65.
S
66.9

Prom a comparison of the tables of Davis and Curtis,
there is seen a general correlation of topics and subject
matter in each unit. This effect shows what research workers
and textbook authors consider the most common subject matter,
which is a sound fundamental basis on which to construct a
curriculum. Bearing out this contention, Davis states:
"It is generally agreed among educators that if
a topic occurs in 75 Per c©nt of the textbooks it should be
retained as a part of the subject matter offered in that
subject."
The compendiums shown on pages 34 - 43 represent
the work of experts in general science research and are to be
used as the basis from which the content is to be seleoted.
The following unit of air, is an example of the
method used for the selection of the specific topics. This
unit is chosen because it is first on the list, and not because
of its importance. From an examination of the tables
beginning with the unit air, we compare the topics. In order
to facilitate the reading, we will refer to the study of
Curtis as "C", and the study of Davis as "D"
•
Taking the topics of "C" in turn and comparing
them to those of "D" , we find topic #1 "C" , Air- its composition,
and properties of its constituents, is similar to topics #7
and #1 "D" , namely: composition of air
—
physical and chemical
changes, and air ocoupies space.
Tl i
.
C
.
Davis, op . cit. p. 709*
2. F. D. Curtis, op.~cTt
. p. 39.

#2 "C" is similar to #4 "D" » measuring air pressure,
barometers, and #6 D" , air and fire.
#3 "C" , some common uses of air, is similar to #4
as stated above; (one topic may be broad enough to apply to
more than one on the other list),
#4 "C", use of atmospheric pressure, is similar to
#2 "D"- air has weight, and also #4 again.
#5 "C", uses of compressed air, is similar to #5
"D 11 - air is compressible—elastic and #3 n D" ~ air exerts a
pressure.
#6 "C" , man T s successful attempt to imitate flight
of birds is not included on the other list "D" , but because of
the importance of aviation, its presence on the list is
justified.
From the results of this correlation between lists
"C" and "D" , a third and final list of topics is now available*
These topics were reworded so as to appear as specific objectives
and placed under the major generalization for the unit, giving
the following result.
Unit - Air
Major generalization - The earth and its life are greatly
affected by the ocean of air which completely surrounds it.
Specific objective 1. To show air occupies space.
" "2. To prove air has weight and exerts pressure.
" "3. The use of air for fire.
" "4. The use of air for breathing.
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Specific objective 5. To show what air is composed of.
" " 6. The use of air for ventilation.
" " 7» How air is used for doing work.
(compressed air drills, etc.)
" " S*. To show how air pressure helps air-
planes in flight.
These materials listed can be used to form an
outline of a unit organization following the suggestions
offered in the previous chapters:
-
1. Major generalizations used as the general objectives.
2. Principles of organization.
3. Principles for the selection of content.
Following is an example of the unit organization
for the unit "Air" as compiled on the previous page.
UNIT - AIR
Major generalization - The earth and its life are greatly-
affected by the ocean of air which
completely surrounds it.
Specific objective 1. To show air occupies space.
Problem (l). Is an empty glass really empty?
Specific objective 2. To show air has weight, and exerts
pressure
•
Problem (l). Does a football weigh more when inflated
than flat?
Specific objective 3. The use of air for fire.
Problem (l). Explain the action of a lighted candle
when placed in a glass and then covered.
Specific objective 4» The use of air for breathing.
Problem (l). How is air inhaled and exhaled?
" (2). How does inhaled air compare to exhaled
air?
II
!
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Specific objective S. To show what air is composed of.
Problem ( 1 j . What is there in the air that makes
things bum?
Specific objective 6. The use of air for ventilation.
Problem (1). What is the best method to ventilate a
room?
Specific Objective 7* To show how air is used for doing work.
Problem (l). How does a vacuum cleaner work? An
electric fan? A fountain pen?
Specific objective 8. To show how air pressure helps airplanes
in flight.
Problem (l). What is streamlining?
" (2). How does it help decrease air resistance?
The unit shown above is in a tentative form and
merely shows the pattern of a course of study as suggested by
the principles in this outline. It is subject to changes by
the individual teacher, e. g. under one specific objective
there can be more than one problem. The wording of the problems
is a matter of individual construction. The majority of the
present day texts can be used as references for supplementary
material to each objective. However, it does show definite
steps leading from the problem solving situation as presented
to the student, resulting in the directed study toward the
specific objectives contributing knowledge of a major aspect
of the environment as expressed by the major generalization.
On the following pages are found the units as
suggested in a previous section, under unit organization, in
the order which was deemed advisable, by the consensus of
authorities.
••n — . .
.
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UNIT - WATER
Major generalization - Life on the earth is greatly affected
by water which covers a large portion
of the universe.
Specific objective
if it
1. To show the sources of water.
2. To know our water supply system.
3» To show the different forms and character-
istics of water.
4. VJater and its work.
5» The use and care of simple water and
sev/age disposal devices in the home,
(how to thaw out a frozen pipe, etc.).
UNIT - HeaT
Major generalization - I.
II rr 1T
III
Chemical and physical changes are
manifestations of energy changes.
The kinetic energy of the molecules
determines the physical states of
matter.
Chemical changes are accompanied by
energy changes.
Specific objective 1.
n " 2
.
"3.
"4.
7.
8.
To know some important sources of heat.
To know why materials burn and what be-
comes of them. (Carbon monoxide gas).
To know some of our fuels and their
value s
.
How to adjust heating devices, (gas
burners, electric stoves, furnaces, ste
boilers, gas meters).
To know how heat affects air and water.
To understand the principle of coiling
used in a refrigerator.
To understand some chemical fire
extinguishers and fire prevention.
To know the part played by convection
currents in ventilation.
a

UNIT - WEATHER & CLIMATE
Major generalization - I. There have been profound changes in
the climate, not only of certain
regions, but also of the earth as a
whole
.
Specific objective 1. To know how to use a thermometer
.
" "2. To know how weather is predicted and
understand some of the devices used,
( barome ter )
.
" " 3» How to prepare for different changes in
climate
•
" "4. To eliminate superstitions and ideas in
regard to weather.
"
n 5» ^° know what causes winds, rain and snow
UNIT - LIGHT.
——————————
Major generalization - I. Light is a limiting factor to life.
The phenomena and the applications
that man has made of light are
important to his continued progress.
i
Specific objective 1. To understand the elements of reflection
and refraction.
" "2. To understand the elements of color an
the prism.
" " 3» To know the proper lighting of our
homes, (history of artificial lighting)
4. To understand the eye and the camera.
5« The importance of street lighting in
crime prevention and accident prevention
tt ?i
n ti
UKIT - SOUUD .
Major generalization - X. Sound is caused by waves which are
produced by a vibrating body and
which can affect the auditory nerves
of the ear.
Specific objective 1. To know horn sound is produced.
" " 2. To understand the ear and how we hear.
" " 3* To know the relation of sound and radio
" " 4- To understand sound producing in-
struments .
" " 5« u ses of air to carry sound.
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UKIT - ELECTRICITY AUD MAGNETISM.
Major generalization - I
Specific objective 1.
2.
The application of electricity and
magnetism in the home and in industry
has revolutionized the methods of
living of many people.
To know how the earth acts as a magnet.
To know effects of static electricity,
lightning, etc.
3. To know the units of electricity and
their relation, volt, ampere, ohm, watt.
4. To know the use and care of storage
batteries, dry cells.
5. To understand the uses of electricity
in the home
.
6. To understand the uses of a good
electric motor.
7. To know how electricity is used in
communication. ( a) Telegraph; (b)
Telephone; (c) Radio.
UNIT - POWER AND MACHINES.
Major generalization - I
- II
Any machine, no matter how complicated,
may be analyzed into a few simple
types.
In industry and in the home, man can
accomplish more in less time and se-
cure greater comfort by making use of
machines and other inventions.
Specific objective 1.
2
.
"3.
4.
7.
5.
9.
To know hov; steam is generated for power.
To know how steam runs an engine.
To know how a steam engine runs a
locomotive
.
To know how the force of exploding gas
is used to run an engine.
To know how the engine runs an automobile.
To know what factors are necessary for
aviation.
To know hov; eleotric power is developed
from steam, Diesel, and gas engines.
To understand some common auto troubles,
(a) Head lights; (b) gasoline, etc.
Future possibilities of engines and
Diesel engines.
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UNIT - LIVING THINGS
Major generalization- I
.
Specific objective 1.
The physical environment has great
influence on the structural forms of
life and on plant and animal habitats.
II. Through interdependence of species and
struggle for existence there is
maintained a balance among the many
forms of life.
III. Species have survived beoause by
adaptations and adjustments they have
tended to become better fitted to thel
conditions under which they live.
To know the general structure of plants
and their parts.
2. How plants are used for food and their
importance in the living cycle.
3« How to improve plants and prevent plant
diseases
.
4. To care and protect trees and flowers.
5« To show some good and some harmful
yeasts, molds, and bacteria.
UNIT - HUMAN BODY OR HEALTH
Major generalization- I. Efficient living is dependent upon
knowledge of the principles of
health and sanitation.
Specific objective 1.
" " 2
.
"3.
4-
5-
To know about micro-organisms and their
work.
To understand the control of micro-
organisms .
To know something of the mechanics of
breathing and ventilation.
To care for the teeth, eyes, ear.
To know the fundamentals of first aid.
Boston University
School of Education
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UNIT - FOODS
Major generalization - I
- II
Specific objective 1.
b u 2 .
3
.
4.
6.
7.
There is a great variety in the size,
structure, and habits of living
things
.
There are processes that go on with-
in an organism that are vital to
its continued existence.
To know the meaning of protein, carbo-
hydrates, and fat in our food.
To know what protein, etc. do for the
body, (balanced diets).
To prevent foods from spoiling, (pre-
servation) •
To develop good eating habits.
To know the importance of milk in our
diet •
To know how our food is digested.
Yiihat foods to buy and eat for good diet
and economy.
UNIT - ASTRONOMY or OUR HEAVENS
Major generalization - I
-II
Specific objective 1.
n " 2
3-
4.
The earth's position in relation to
the sun and moon is a determining
factor of life on earth.
Distances in space seem extremely
vast when compared with distances
on earth.
To know some features of our solar system.
To know some of the principal stars and
constellations
.
To know some of the facts about planets.
To understand the influence of the sun
and moon on the earth, (a) changes in
season; (b) day and night.

c • Description of Techniques Used.
1. Should we have teacher or pupil demonstration in
place of individual experimentation? F. D. Curtis states:
"At the beginning of this century the prevailing
practice in the majority of American secondary schools was to
conduct laboratory experimentation on the individual basis.
Because of the increasing numbers of pupils, it became obvious
that the rapidly mounting cost of apparatus and equipment
adequate for individual pupil experimentation prohibited the
continuance of that method exclusively, especially in the
more widely elected or required elementary courses such as
general scienoe and biology. Two plans were suggested, the
group method of two or three pupils and the demonstration
method by which a pupil or the teacher performed the laboratory
exercise individually."
Following are given some of the investigations that
were evaluated for their contribution to the techniques of
i
science teaching by the Committee of the National Society for
the Study of Education, (Thirty-First Yearbook).
References .
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The practical significance of these and other
investigations of the relative merits of the individual
laboratory method and the demonstration method, supplemented
1
by such advice as this Committee believes to be sound, might
be summarized briefly as follows:
1. Each method offers training in certain knowledges, skills,
and habits not offered by the other.
2. In the interests of economy both of time and of money, it
seems desirable to perform more laboratory exercises by the
demonstration than by the individual method.
Tl Thirty-first Yearbook, op. cit
.
p. 106.
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3. At the beginning of every laboratory course there should be
a sufficient use of the demonstration method to acquaint the
pupils with apparatus and with some of the accepted methods
of experimentation. Following this period of orientation, the
pupil should be allowed to perform some exercises individually
in order to acquire, early in the course, desirable manipulatory
skills and laboratory techniques and habits.
4« The time saved in each course by the use of the demonstration
method should be used for other types of learning exercises,
which might include additional laboratory exercises
,
reading
i
projects, individual investigations, observations, and drill
upon essentials.
5. Among the exercises to be demonstrated in each course
should be those which are dangerous if performed carelessly
or unskillfully , at least some of those requiring delicate
manipulation and accurate observation, and those requiring
special expensive apparatus.
6. In general, especially with the more elementary courses
and the younger or less capable pupils, demonstrations by
the teacher are likely to prove more effective than those by
pupils, unless the teacher supervises the demonstrations very
closely
Analyzing the above opinions, it is evident that in
the interests of both economy and money, the demonstration
method is superior to the individual laboratory method. Each
method offers certain knowledges, skills, and habits not
3
offered by the other. The demonstration method is the more
satisfactory by results obtained in the use of texts and
exercises. However, the demonstration method is superior to
the individual method when complex apparatus is used or a
complex procedure is followed; likewise it is preferable when
dangerous experiments are performed. The individual method
develops desirable manipulatory skill and laboratory technique
and habits. In experiments involving familiar apparatus and
easy methods of procedure the individual method is superior.
Both methods have their advantages, although the
arguments for the demonstration method are more convincing to
the general science teacher. Therefore, this conclusion may
be drawn: it is recommended that science be taught by the use
of the demonstration method, but that occasionally pupils be
allowed to use the individual method when circumstances and
conditions permit. Particularly could the individual method be
used in those experiments which are not too technical in
nature but may be done at home. This would tend to develop a
closer correlation between school work and life situations

2. Visual Aids in Teaching Science.
'
••
• •
'
-
The merits of motion pictures as instructional aids
!,
in science teaching have been evaluated in several recent
1
investigations. Of these, the most extensive is that of Wood
and Freeman. Moreover, the results of a questionnaire direct-
ed to practically all of the teachers of the classes in the
Experiment Group, revealed that in the opinion of these teachers
the use of the motion pictures had been highly effective in
securing a number of important and desirable outcomes not
measurable by the tests employed.
With respect to visual aids, it would appear to us
that the results of the investigation thus far secured, can in
no sense be interpreted as indicating the desirability of
allowing the use of motion pictures to supplant other practices
and devices which have been found effective in the science
classroom. The skillful teacher will use motion pictures and
film slides, as supplementary aids to instruction, to vitalize
less easily motivated materials and to clarify some of the
more difficult processes and concepts. Teachers should, how-
ever, be warned against the ever-present danger in the use of
motion pictures, and to a lesser extent the useof film slides
in the classroom: unless the lesson plan is made with unusual
care to insure a focusing of the teacher's attention upon the
1. Wood, B. D. and F. N. Freeman, "Llotion Pictures in the
Classroom." Boston: Houghton Mifflin Company, 1929.
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specific aims to the end that desirable outcomes may be in-
sured. These visual aids are likely to serve the pupils chief
ly as "effortless entertainment," an outcome likely to be
obscured by the omnipresent enthusiasm of the pupils and the
apparent great success of the device.
Many authors favor the use of motion pictures as
a supplementary aid in the teaching of general science. Ira
1
C. Davis states:
"Many kinds of material have been adapted to film
presentation. Pictures illustrating manufacturing processes
offer products such as "The Making of Cotton Cloth," "The
Making of Lumber." It would probably be impossible to present
this material in another form. If the material in these
pictures is presented scientifically, it ought to be a great
aid in developing broader concepts of the value of science in
our industrial processes. Many of nature's slow and tedious
processes can through the use of films be speeded up so that
the work of weeks or months may be shown in a few minutes."
There are several methods in preparing the classes
for the films. It is sufficient briefly to outline the
different methods that might be used.
1. The films can be given without any previous discussion.
2. The films can be given to continue some theoretical
discussion initiated in the laboratory or classroom
discussion.
3. The films can be a summarization of a group of processes
or it can follow the completion of some study.
4. The pupils can prepare questions for the films to answer.
1. ira C. Davis, "The Use of Motion Pictures in Teaching
General Science." School, Science and Mathematics
,
(Jan.
1923) pp. 425-34.
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5» The films can take the place of some experimental work in
the laboratory. Students could draw their conclusions from
the facts presented in the films.
C. C. Clark, after giving a series of tests to
determine the worth of sound pictures .states the following:
"The tests warrant the following conclusions as
regards the value of sound pictures.
1. Education sound films of the lecture type
were compared with the silent films. The
use of the spoken lecture in place of the
printed captions in an educational picture
is most likely to detract from its value
in conveying specific information.
2. Sound motion pictures where the sound was
a vital and realistic part of the picture
were shown to be equally effective as the
lecturer performing and explaining actual
demonstrations. Such sound films are high-
ly valuable for classroom use."
1. C. C. Clark, "Sound Motion Pictures as an Aid in Teaching
Science." Science Education, (February 1933 ) PP« 1-7-23
•
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Chapter IV - Summary and Conclusions.
1. This course, as suggested by the title, is for non-
college preparatory students, but after much research a
course of this nature is found to differ from the ordinary
course only in the various factors which can influence the
selection of material. Some of the factors are: locality of
the school, preparation and background of the teacher, the
type of class, and the teaching materials available.
2. The units selected in this study are not the only
ones necessary for a science outline, even though their
selection is based on a study giving them a higher relative
rank than the others. The subject matter chosen should be of
a practical nature, providing a functional understanding of
the devices and machines used in the experiences of the
students
.
3. The use of major generalizations of science as the
objectives of a course of study seems to be an improvement
over the previous objectives of the unpractical type. More
direct and definite results have been obtained in research
investigation by the use of these principles, each covering
a major field of science for which contributory subject matter
can be selected.
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4. The terra "specific objective" as used in the unit
organization refers only to the definite topic to be consider-
ed and is not to be mistaken for the major objective or
generalization that describes the field of study covered by
the unit. The term "specific topic" could be used as well*
The problems under each specific objective or
topic are only suggestions and depend on the teacher's
technique and method of presentation to be used.
5. Extensive reading in science is one type of
activity which does not seem to be used enough. After the
student leaves school he will continue to read, and if he has
been carefully directed in his reading, he will follow worth-
while sources of material. Science magazines and stories are
in great demand among the adult population and are used as
material for radio program. Some texts give excellent
references and bibliographies for extensive reading, such as,12 } '
Pieper and Beauchamp, Meister, Hunter and Whitman.
6. According to the findings of many authorities, the
best method for a teacher of science is the lecture-demonstra-
tion with occasional demonstrations on simple apparatus by
capable students. Whenever possible, emphasis should be
laid on the use of projects and outside reading on special
topics.
The logical method would be to teach principally
by the use of demonstration method, but occasionally to
allow the pupils to use the individual method when
1.Pieper & Beauchamp: "Everyday Problems in Science."
2. M. Meister: " Living in a World of Science."
3.Hunter & Whitman: "Problems in General Science."

circums tances and conditions permit. The individual method
could best be used in experiments and projects which are not
too technical and which might be done at home. Many texts
have excellent lists of topics and projects to be investigated
by the student.
7« The films have been proven a valuable aid if proper-
ly correlated with the material studied, otherwise they are
just entertainment. The science field is fortunate in having
an extensive list of films available in many branches, such as
the state departments of education, federal department of
agriculture, and schools of education in various colleges. The
book, "Enriched Teaching of Science in the High School," by
Maxie Uoodring and others, published by Bureau of Publications,
Teachers College, Columbia University, is an excellent source
book for teachers of general science, listing in addition to
films, other free and low cost illustrative and supplementary
materials
.
8. The unit method of presentation lends itself
favorably to the subject of general science for each unit, and
is built about a major aspect of the environment. Each unit
can be studied individually with re erences directed back to
the last unit studied and forward to the next one in line,
making for coherence and integration. Another method using the
same idea is that each unit can be studied individually with
the following unit gradually introduced from related references
: —
|
l
t
t
•
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giving the outline of the units a form of integrated sequence
have a definite course outlined in preparation for this
position. The background of the teacher must be based on a
general knowledge of at least the major divisions of science
such as physics, chemistry, and biology, with minor studies in
astronomy, botany, ornithology, and geology, as well as courses
on methods of teaching science. Too many times a teacher of
general science is chosen promiscuously from a school or
college without adequate preparation, resulting in poor manage-
ment of classes,
10. The science course should be made as practical as
possible. This can be emphasized by the introduction of
projects and the solution of problems that arise in the home
and community.
9. In order to teach general science, a teacher must
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